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The effect of the uniaxial stress component on the lattice strains measured ,with a diamond anvil x-ray 
apparatus has brm discussed. The rcsults are compared with those published earlier .for the tungsten 
, carbide anvil apparatus. 
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experimental setups based on the principle of 
n studies of solids at elevated vressure6.l“ In 
E,(hkZ) =[d,,(hkZ) - do(hkZ)l/do(hkl) 
d anvils have been extensively used in x-ray dif- 
=[a,(hkl) - aoI/ao 
=ei+~:(hkZ),  (1) .devices, the sample is pressed between the anvils 
or without a gasket) and the sample is pressurized 
of an u&axial load. Because of the 
possesses a finite-yield strength 
increases with increasing pressure 
where d&zkZ) and do(hkZ) a r e  the interplanar spacings, 
respectively, at load w and at zero load. 
Withsimilar meanings, a,(hkZ) and ao(hkZ)  denote the 
lattice parameters. e: and eL(hk2) denote, respectively, 
the strains due t o p  and f .  It can be shown in PL-G by 
following the arguments similar to those given in Ref. 
6 that 
sample is pressurized by an uniaxial load, 
ressure on the sample isnonhydrostatic. The 
distribution is cylindrically symmetric about the 
on of loadim. the axial comoonent of s t ress  be- 
~ ~~~~~~ 
’ :w larger  than de-radial stress component. Such a 
eL(hkZ) =Slit sin’s + S j z t  cos‘B + (S,, - S,, - &) k e s s u r e  distribution can be better approximated by the 
.l$perposition of a hydrostatic component and an uniaxial Xr(hkZ) t ( l -  3 sin%), (2) 
stress component along the direction of loading. For a 
t m s t e n  carbide anvil setuv it was shown that the uni- 
al stress component produces a strain which depends 
which is the, sum of the strains arising from the 
atic component and from the uniaxial s t ress  com- 
also depends on the indices of the reflection. 
”. it was shown that the magnitude of the uniaxial 
ompouent could be estimated by analyzing the 
iffraction data. The variation with pressure of 
al s t ress  component in sodium chloride? was 
using this technique. 
e indices of the reflection.6 Thus, the observed 
DIAMM) ANVIL (-- 
this paper, the effect of the uniaxial s t ress  com- 
ent on the lattice strains measured with a diamond 
‘1 camera is presented. These results a r e  compared 
those derived earlier for  the tungsten carbide anvil 
e diffraction geometry for  a diamond anvil appara- 
is shown in Fig. 1. The incident x-ray beam passes 
allel to the direction of applied load. For this rea- 
this geometry will  he referred to as “parallel 
metry” (PL-G) in the subsequent discussion. This 
raction geometry is different from that encountered 
tungsten carbide anvil setup. In this case the iuci- 
beam passes perpendicular to the direction 
load. This diffraction geometry will be 
the “perpendicular geometry” (PD-G). 
ICiDENT BEAM 
DIRECTION OF LOAD W 1 
7 
J 
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IRECTON OF LOAD, W [. 
Let t and p denote, respectively, the uniaxial and 
~ the hydrostatic components at an applied load w between 
the anvils. The lattice strain, for  a sample belonging FIG. 1. The diffraction geometry of a diamond anvil high- 
pressure x-ray camera. to a cubic system, in  a direction (hkZ) is given by 
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ere.S,, are the single crystal elast 
the diffraction angle, and 
r(hkZ) = (hZk2 + k2Z2 + 12h2)/(h2 + kZ + 1')'. 
eneral, S,, and t are functions of pressures. 
riving Eq. (Z), the condition of stress continuity 
the interface of two crystallites has been as- 
If, one the other hand, the condition of strain 
assumed, the following equation for eL(hk1) 
1/Esinz8- ucos28) t ,  
V=(C,j +4Ciz - zc44)/z(zc11 +3C12 + c 4 4 )  
E=(Ci,-Ciz +3c44)(c,1+2C,z)/(2C1,+3c1,+C44). 
The conditions of the stress and the strain continuities 
nstitute the two extremes, and the condition prevail- 
bg in reality lies between these two extremes. In cal- 
a thg  the elastic constants of a polycrystalliie sam- 
y to take, the average of the valves ob- 
two extreme cases. This is often termed 
+Hill average.$ However, there are in- 
high pressures. For this reason, the 
constant stress only will be used in the subse- 
scussions. However, the arguments can easi ly 
It is clearly seen from Eq. (2) that eL(hkZ) depends on 
e diffraction angle 8, in addition to the other param- 
bters such as r ( h k l ) ,  S,,, and t .  For a given set of val- 
bes of r(hkE), S,,,  and a compressive t, eL(hk2) is posi- 
for small values of 8. A s  8 increases, the magni- 
de of e;(hkZ) decreases linearly with sin%, passes 
zero, and becomes negative. 
measured lattice strain is a sum of and e:(hkZ) 
cated by Eq. (1). Since E$ is negative, and 
is positive for low B values and a,compressive t, 
red lattice strain is smaller in magnitude 
However, since e!JhkZ) can become negative 
B vaiues, e,(hkZ) can become larger than 6:. 
, e,(hkl) is always smaller than E L .  
a comparison of PL-G and PD-G, the numerical 
es of E; (hkZ)/f have, been calculated for both PL-G 
PD-G, for sodium'chloride and silicon (Table I). It 
y seen that E;(PL-G) is s d e r  than the corre- 
EL (PD-G). With MoK, radiation, reflections 
an approximate range 5"< B < 20' are obse&ed. 
u l i s  B range, the average value of E : w z ) ~ ~  PL-G 
y one-half of the correspondingvalue in &-G. 
, &(PL-G) can become larger than e;(PD-G) 
ciently large 0 value is reached. 
behavior of eL(hkZ) in PD-G was discussed in an 
r paper.$ In PD-G, ea(hkZ) depends on I'(hkZ), f ,  
; since it does not depend on 6, the interpreta- 
of the e,(hkZ)-vs-r(hkZ) plot is simple. The e..OtkZ)- 
TABLE I. A comparison of €L(hkl) in PD-G and PL-G. 
- E L (  PD-G)/t - € MPL-Q/f €L(PL-G)/ 
Reflection (10.' GPa-') (lo-' GPa-') €L(PD-G) 
Silicon 
111 0.0960 0,0880 0.9168 
220 0.1255 0.1010 0.8048 
31 I 0.1584 0.1201 0.7579 
400 
331 
422 
511 
440 
531 
Sodium 
200 
220 
222 
400 
420 
422 
442 
0.2140 
0.1169 
0.1255 
0.1892 
, 0,1255 
0.1392 
chloride 
0.4650 
0.7688 
0.8699 
0.4650 
0.6594 
0.7688 
0.8250 
0.1467 
0.0607- 
0.0519 
0.0842 
0.0213 
0.0256 
0.4213 
0.6523 
0.6808 
0.2900 
0.3880 
0.4193 
0.2766 
0.6853 
0.5193 
0.4135 
0.4450 
0.2175 
0.1839 
0.9060 
0.8485 
0.7826 
0.6237 
0.5884 
0.5454 . 
0.3353 
. .  
vs-r(hkZ) plot is a straight line; the slope of the 1 
given by (Sll - S,, - iss4) t and the intercept by E: + S 
If S,, and its pressure dependence are known, t can 
estimated from the measured value of the slope.6v1 
The dependence of e,(hkl) on 6, in addition to the 
parameters S,,, t, and I'(hkZ) for PL-G, does not~per 
a simple interpretation of the e,(hkZ) data in the s 
way as could be done in PD-G. It might stil 
ble to evaluate t from the measured values 
fitting to the 6 ,(hkZ) values an equation of t 
in Eqs. (1) and (2). One, however, faces serious 
cal problems in  using such a procedure to est 
The first problem'arises from the smallness 
nitude of eL(hkZ) in PL-G. As  has been discusse 
in this paper, the magnitude of ea(hkZ) in PL-G is, 
the average, nearly one-half the EL (hkZ) valve in 
The second problem is connected with the influen 
the systematic errors  of the measurement on the 
mation of f .  The systematic errors9 arising from 
geometrical and the physical.factors depend on B 
since eJhkZ) also depends on 8, the systematic e 
will interfere with the estimation of t. However 
systematic errors  are minimized, e. g., by the 
a two-film cassette,1° it might still be possible~ 
tah a meaningful estimate of t. It may be rec 
in PD-G, a e,(hkZ)-vs-r(hkZ) plot is used t 
t.6*7 Since there is no correlation between 
the &dependent systematic errors  appear 
errors, and do not affect the estimation,of 
The discussions presented in thfs @-$e~ 
in PL-G the effect of the uniaxial stress co 
less pronounced thah in the PD 
the aim of the experiment is to 
stress component, then the PD- 
PL-G.I1 However, if the aim of 
measure the equation of state, then the 
to have a slight advantage over the PD- 
cases wherein the samples can support 
stress component. If only a f 
recorded, then the magnitudes of eq(hkZ) are co 
in the two diffraction aeometries. 
. 
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